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HIGH POWER SILICON CARBIDE AND STT JCON 
SEMICONDUCTOR DEVICE PACKAGE 

RELATED APPLICATION 

[0001] This application claims the benefit of U.S. Provisional Application 
No. 60/423,497, filed October 31, 2002, which is incorporated in its entirety by 
reference herein. 

FIELD OF THE INVENTION 

[0002] This invention relates to semiconductor devices and more 
specifically relates to a high voltage semiconductor device with low on-resistance. 

BACKGROUND OF THE INVENTION 

[0003] Silicon carbide (SiC) is wide band gap semiconductor (E G =3 . OeV) 
for high-temperature, high-power and radiation hardened electronic devices. SiC can 
be thermally oxidized to form Si0 2 , and the SiC/Si0 2 interface can be used to 
produce devices, such as transistors, charge-coupled devices and non-volatile 
memories. However, the inversion layer mobility on SiC can be low, limiting the 
switch-on resistance (R^J. Further, the gate oxide in SiC is highly susceptible to 
dielectric breakdown due to the high electric fields in SiC. 

[0004] Circuits in which a SiC device is connected in series with a silicon 
MOSFET are known. An example is disclosed in U.S. patent 6,373,318 to Dohnke 
et al. issued April 16, 2002. However, the circuit of Dohnke et al. has a grid-cathode 
voltage of the junction field effect transistor (JFET) at a voltage less than the source 
voltage of the metal oxide semiconductor field effect transistor (MOSFET). 



[0005J The gate drain junction of the SiC JFET of Dohnke et al. supports 
the high voltage. Thus, connecting the junction on the gate side and leading up the 
gate driver can lead to avalanche current flowing into the gate circuit when the 
device is in the blocking mode. 

[0006] Although it has been suggested to try using an SiC device with a 
silicon MOSFET, practical devices are limited by packaging and thermal 
management consideration. 

SUMMARY OF THE 1NVFNTTON 

[0007] A SiC-based field effect transistor (SiCFET), such as a JFET or a 
metal semiconductor field effect transistor (MESFET), is co-packaged with a silicon 
MOSFET (hereinafter a MOSFET) to serve as a unitary high voltage, low on- 
resistance FET structure having a gate contact, a source contact and a drain contact. 
The hybrid transistor allows thermal management of the package with a single heat 
sink, for example. 

[0008] The SiCFET and MOSFET are mounted electrode-on-electrode, 
sometimes termed die-on-die. By electrode-on-electrode, it is meant that at least one 
electrode layer of one of the dies supports an electrode of the other die. For example, 
a gate electrode on the bottom of a SiCFET is joined to a source electrode on the top 
surface of a MOSFET semiconductor die in a die-on-die configuration. By die-on- 
die, it is meant that at least a portion of the semiconductor die of the SiCFET is 
mounted over or under the semiconductor die of the MOSFET. Since a SiCFET is 
typically smaller than a MOSFET, the co-packaged FET may have a footprint no 
larger than the MOSFET. Furthermore, the source electrode of the MOSFET acts as 
a heat spreader for the high power SiCFET. 

[0009] Alternatively, the SiCFET may be designed conventionally with 
the source and gate on top and the drain on the bottom of the semiconductor die. 



Then, the MOSFET may be mounted on the SiCFET such that the MOSFET source 
electrically connects with the SiCFET gate. In another alternative embodiment, the 
MOSFETs drain is supported by, but is electrically insulated from, the drain 
electrode of the SiCFET, the drain electrode of the SiCFET being extended beyond 
the perimeter of the SiCFET semiconductor die, acting as the drain contact of the co- 
packaged unitary FET and a heat sink. 

[0010] One advantage of the co-packaged FET is that the SiCFET 
provides for faster higher power switching than a comparable MOSFET with the 
same voltage rating. Another advantage is the reduced complexity of thermal 
management. Other features and advantages of the present invention will become 
apparent from the following description of the invention which refers to the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE FIGURES 

[0011] Figure 1 shows a schematic diagram of a high power, low on- 
resistance circuit. 

[0012] Figure 2A shows a first embodiment of the present invention 
configured as one semiconductor die mounted on an electrode of a second 
semiconductor die. 

[0013] Figure 2B shows a cross-sectional view along line A-A of Fig. 2A. 

[0014] Figure 3 shows a second embodiment of the invention, using a 
side-by-side mounting of the die. 

[0015] Figures 4A and 4B show two views of another embodiment of the 
present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0016] Figures 2 A and 2B illustrate a die-on-die hybrid transistor 20 of the 
present invention. A SiCFET 40 is supported by a source electrode 53 of a MOSFET 
50, such that an electrical connection is made between bottom gate electrode 45 of 
the SiCFET 40 and the source electrode 53 of the MOSFET 50. For example, the 
electrodes are joined using a solder. The SiCFET 40 has a source electrode 43 
electrically connected to the drain electrode 54 of the MOSFET 50 and a drain 
electrode 44 electrically connected to the drain contact 24 located on the surface of 
the hybrid transistor 20. The drain contact 24, the source contact 23 and the gate 
contact 25 of the hybrid transistor 20 are configured to be coupled to an electronic 
circuit (not shown), such as a printed circuit board. 

[0017] Electrode 43 is attached by wire bond 1 1 to the bottom drain 
electrode 54 of MOSFET 50. Any conventional electrical connection may be 
substituted for wire bonding. Also, the source electrode 53 that is in electrical 
contact with the gate electrode 45 of the SiCFET 40 is electrically connected by a 
wire bond 1 1 to source contact 23. For example, the hybrid transistor 20 is for use in 
high power electronic circuits and the source electrode 53 and the drain electrode 54 
of the MOSFET 50 act as heat spreaders. Thus, mounting electrode-to-electrode 
provides thermal management advantages not offered by conventional packaging, 
while limiting the hybrid transistor footprint to that of the MOSFET 50. Also, the 
bottom of the drain electrode 54 may be coupled to a heat sink (not shown) to 
improve thermal management of the co-packaged device 20. 

[0018] Figure 3 shows an alternative embodiment of the present invention 
comprising a side-by-side arrangement of semiconductor dice of a MOSFET 50 and 
a SiCFET 40. In the example shown, the drain electrode 54 of the MOSFET is 
supported by the drain electrode 44 of the SiCFET 40 and is electrically insulated by 
an insulating layer 56. By thermally insulating the MOSFET 50 from the SiCFET 
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40, higher operating temperatures of the SiCFET 40 may be used without damaging 
the MOSFET 50. The bottom electrode 54 of the MOSFET 50 extends beyond the 
perimeter of the semiconductor die and is electrically connected by a wire bond 1 1 to 
the source electrode 43 of the SiCFET 40. Thus, the electrode 54 also acts as a heat 
spreader for the MOSFET 50. The other electrode 45 of the SiCFET is electrically 
connected by a wire bond 1 1 to the source electrode 53 of the MOSFET 50, which is 
connected by at least one wire bond 1 1 to a first contact 23. The gate electrode 55 on 
the top surface of the MOSFET 50 is electrically connected by a wire bond 1 1 to the 
gate contact 25. The extended drain electrode 44 of the SiCFET serves as the drain 
contact 24 of the hybrid FET. The extended bottom electrode 44 of the SiCFET also 
provides a larger area for cooling of the package of the hybrid FET. 

[0019] Figs. 4A and 4B illustrate another embodiment of the present 
invention. An inverted MOSFET 50 is mounted on a SiCFET 40. The source 
electrode 53 electrically contacts the gate electrode 45 of the SiCFET 40. The source 
electrode 43 of the SiCFET 40 is electrically connected by a wire bond 1 1 to the 
drain electrode 54 of the MOSFET 50. The source contact 23 is electrically 
connected to the gate electrode 45 of the SiCFET 40 and the source electrode 53 of 
the MOSFET 50. The gate contact 25 is electrically connected to the gate electrode 
55 of the MOSFET 50. The drain electrode 44 of the SiCFET 40 acts as a drain 
contact 24 and also as a heat sink for the SiCFET 40, increasing the area for 
convective heat transfer, for example. 

[0020] By mounting either the MOSFET on the SiCFET or the SiCFET 
on the MOSFET, the size of the electronic package may be reduced compared to a 
side-by-side arrangement. Also, the number of wire bonds 1 1 may be reduced, 
increasing reliability and reducing wire resistance of the co-packaged FET. Thus, it 
is preferable to mount the MOSFET and the SiCFET die-on-die to reduce the 
footprint of the hybrid FET. However, the side-by-side arrangement increases the 
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surface area and thermally insulates the MOSFET from the SiCFET 40. Thus, for 
high temperature operation of an hybrid co-packaged FET, a side-by-side 
arrangement may be preferred. 

[0021] Since the SiCFET may be fabricated having a much smaller 
dimension than the MOSFET, the SiCFET 40 may be mounted directly over a single 
electrode of the MOSFET 50, such as the source electrode 53, as shown in Figs. 2A 
and 2B. A high power silicon carbide-silicon hybrid FET package may be produced 
comprising the circuit shown in Fig. 1 by making the bottom electrode 45 of the 
SiCFET 40 the gate electrode 45 of the SiCFET 40. In this configuration, the gate 
electrode 45 makes electrical contact with the source electrode 53 of the MOSFET 
50. Conventionally, the bottom electrode of a SiCFET is the drain electrode; 
however, positioning the gate electrode on the bottom of the SiCFET with the source 
and drain on the opposite surface of the SiCFET 40 allows the package size to be 
reduced while enhancing the reliability of the device. 

[0022] The SiCFET 40 has a drain gate blocking voltage in excess of the 
desired rating of the hybrid field effect transistor (FET) 19, 20, 21. The hybrid FET 
includes a SiCFET drain electrode 44, a SiCFET gate electrode 45, a SiCFET source 
electrode 43, a MOSFET source electrode 53, a MOSFET drain electrode 54 and a 
MOSFET gate electrode 55. 

[0023] When the SiCFET 40 and the MOSFET 50 of this example are 
mounted in the configuration shown in Figs. 2A and 2B, the SiCFET 40 is connected 
in cascade with the MOSFET 50. The breakdown voltage rating of the MOSFET 50 
is then selected to be greater than the pinch-off voltage of the source-gate junction of 
the SiCFET 40. 

[0024] As shown in Figure 1, the MOSFET source electrode 53 is shorted 
to the SiCFET gate electrode 45 and the MOSFET drain electrode 54 is shorted to 
the SiCFET source electrode 43. Thus, the hybrid FET has a source contact 23, a 
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gate contact 25 and a drain contact 24 electrically connected at the MOSFET source 
electrode 53, the MOSFET gate electrode 55 and the SiCFET drain electrode 44, 
respectively. 

[0025] In operation and in the blocking mode, the SiCFET 40 is normally 
on, allowing current to flow between the drain contact 24 to the source contact 23. 
When the MOSFET gate electrode is turned off, the drain bias increases and the 
potential across the SiCFET source 43 and SiCFET drain 44 increases until the gate- 
source junction pinches off. Further increases in the voltage at the source contact 23 
are sustained across the drain-gate junction of the SiCFET, shielding the MOSFET 
from damage. When the MOSFET gate is turned on, the drain bias decreases, gate- 
source junction of the SiCFET opens and current flows through both the MOSFET 
and the SiCFET. The turn-on voltage is thus that of the series combination of the 
MOSFET and the SiCFET. 

[0026] Although the present invention has been described in relation to 
particular embodiments thereof, many other variations and modifications and other 
uses will become apparent to those skilled in the art. It is preferred, therefore, that 
the present invention be limited not by the examples herein, but only by the claims 
themselves. 
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